Study design Cross-sectional study.
Introduction
Spinal cord injury (SCI) is a traumatic event that impairs sensory, autonomic, and/or motor function. As such, SCI may also lead to long-term psychological sequels such as post-traumatic stress disorder (PTSD) [1] [2] [3] [4] [5] [6] [7] , anxiety, and distress [2, 4, 8] . Studies suggest that traumatic events may lead to the co-existence of PTSD and chronic pain [9] [10] [11] yet only a few studies documented this co-existence among individuals with SCI. In two cross-sectional studies, PTSD symptomatology correlated with chronic pain severity [12, 13] . In one longitudinal study, co-morbid pain and PTSD symptoms were more common than either condition alone but PTSD did not necessarily correlate with pain intensity [7] . Other studies have also reported that pain catastrophizing and/or pain interference [8, [14] [15] [16] [17] [18] [19] [20] [21] [22] correlated positively with chronic pain severity, and that pain interference correlated with quality of life [23] . It is important to note, however, that most of the aforementioned studies did not include a control group of individuals with SCI who do not suffer from chronic pain. Therefore, it is not clear whether these psychological variables are related to the chronic pain or the SCI itself.
Among the many types of chronic pain that develop following SCI [24] , central neuropathic pain (CNP) is considered the most debilitating. CNP is defined as a pain caused by a lesion/disease of the central somatosensory nervous system (e.g., trauma, tumors, and infection) [25] . CNP that occurs in about 50% of the individuals with SCI [26] [27] [28] [29] is often severe and excruciating, and in contrast to other SCI-induced chronic pain types, CNP is relatively refractory to pharmacological, surgical, physical, and behavioral interventions [30] [31] [32] [33] [34] . Therefore, CNP has significant deleterious effects on daily activities, quality of life, and rehabilitation. As CNP is particularly prevalent following a traumatic SCI [35] , its association with the possible psychological sequels of traumatic events is of particular interest.
Although several studies have reported that individuals with SCI and chronic pain exhibit higher levels of anxiety and depression compared to pain-free individuals [8, 20, [36] [37] [38] , these studies included all types of chronic pain with no specific reference to CNP. We could find only four studies in this regard, showing an association between CNP severity and depression [39] or pain catastrophizing [40] [41] [42] . However, none of the studies compared the psychological variables among individuals post SCI with CNP to individuals with SCI without CNP, or to able-bodied controls. Here again, it is not clear whether the psychological variables could be attributed solely to the presence of CNP or to the SCI.
Given the dearth of information on the psychological impact of CNP, the aim was to examine among individuals with SCI with and without CNP, and able-bodied controls: (1) the level of PTSD and psychological distress, and (2) the association between these variables and variables related to the CNP and the SCI.
Methods Subjects
The study included three groups: individuals with SCI and CNP (SCIP), individuals with SCI without CNP (SCINP), and sex-matched and age-matched able-bodied controls (AC). Individuals with SCI were recruited by phone calls to eligible patients listed at the outpatient clinics of the Department of Neurological Rehabilitation at Sheba Medical Center, Tel Hashomer, Israel. AC were recruited among employees of Tel Aviv University and Sheba Medical Center by way of advertisements.
Inclusion criteria for SCIP and SCINP were: (1) Complete or incomplete SCI >1-year duration; (2) SCI above T12 to avoid lesions to the conus medullaris and cauda equine that may have peripheral involvement, and below C3. Inclusion criteria specific for SCIP: (1) CNP >6-months duration at or below the level of injury, (2) no pathologies other than the SCI that might underlie the pain (e.g., peripheral neuropathy). Inclusion criteria for AC: (1) lack of any acute or chronic pain, (2) lack of chronic diseases.
Exclusion criteria for all subjects were: (1) medical conditions with potential neural damage (e.g., diabetes mellitus), (2) history of severe neurological disorders other than SCI (e.g., multiple sclerosis, traumatic brain injury), (3) concurrent severe medical conditions, and (4) psychiatric or cognitive status that might interfere with testing.
CNP was determined by the clinical neurological examination based on its definition and characteristics [43] . These include spontaneous and/or evoked burning, stabbing, or shooting pain located in diffuse body regions more than three dermatomes below the neurological level of injury (for below-level pain) and/or located within the dermatome of the level of neurological injury and three dermatomes below this level (for at-level pain).
The study was approved by the Human Ethics Committees of Sheba Medical Center and of Tel Aviv University. Written informed consent was obtained from all subjects, after a complete explanation of the study protocol and goals were provided. We certified that all applicable institutional and governmental regulations concerning the ethical use of human volunteers were followed during the course of this research.
Questionnaires Chronic pain
The McGill Pain Questionnaire (MPQ) provides a quantitative evaluation of the subject's pain experience with separate measures for the sensory, affective, and cognitive dimensions. Two major quantitative parameters are derived: (1) the number of words chosen (NWC) by the subject from a list of descriptors, and (2) the pain rating index (PRI)-based on summing the rank values of these words. These parameters are calculated as total scores and as scores of the sensory, affective, and cognitive dimensions, separately. Descriptors of the sensory dimension of pain relate to temporal, spatial, pain quality, and similar properties (e.g., burning, sharp, pricking). Descriptors of the affective dimension relate to tension, fear, and emotional reaction (e.g., hurting, exhausting, terrifying). Descriptors of the cognitive-evaluative dimension relate to the degree of interference and tolerability of the pain (e.g., troublesome, annoying) [44] .
Post-traumatic stress disorder
The PTSD Questionnaire is composed of 17 items describing different symptoms based on the Diagnostic and Statistical Manual for Mental Disorders, 4th ed. criteria for PTSD, evaluating post-traumatic stress symptomatology [45] . Respondents indicate, on a four-point Likert scale (from 1 to 4), the extent to which they experience these symptoms (score range: 17-68). The inventory has good convergent validity when compared with structured clinical interviews (α-Cronbach's = 0.89 in the present study).
Stress
The Perceived Stress Scale (PSS) is composed of 10 items that measure the degree to which situations in one's life over the past month are appraised as stressful, unpredictable, or uncontrollable [46] . Respondents indicate, on a five-point Likert scale (from 0 to 4) how often they felt a certain way in each case (score ranges: 0-40). Higher scores indicate higher degree of self-perceived stress [10] (α-Cronbach's herein = 0.87).
Anxiety
The State-Trait Anxiety Inventory (STAI) is composed of 10 items; five are indicators for anxiety (e.g., tense, upset), and five are reversed items [47] . Respondents indicate, on a four-point Likert scale (from 1 to 4), the extent to which they usually feel these emotions (score ranges: 0-40). A higher score reflects a higher level of anxiety (α-Cronbach's herein = 0.82).
Depression
The Depression Anxiety Stress Scale (DASS21) is composed of 21 items that measure distress along the axes of depression, anxiety, and stress (7 items per scale) [48] . Respondents rate, on a four-point severity/frequency scale (from 0 to 3), the extent to which they have experienced each state over the past week (score ranges: 0-63). Scores are calculated separately for depression, anxiety, and stress. Owing to the redundancy between the anxiety and stress parts of the DASS and the above-mentioned questionnaires, only the depression section of the questionnaire was analyzed (α-Cronbach's herein = 0.95).
Pain catastrophizing
The Pain Catastrophizing Scale (PCS) is composed of 13 items that measure pain-related reactions: rumination, magnification, and helplessness [49] . Respondents reflect on past painful experiences and indicate the degree to which they experienced each of 13 thoughts or feelings when experiencing pain, on a five-point Likert scale from 0 to 4 (score ranges: 0-52; α-Cronbach's herein = 0.90).
Data collection
All data were obtained in a single visit. All subjects underwent a brief structured interview by a researcher (author H.G.) to obtain sociodemographic data (age, sex, living with significant other, and employment). Subjects with SCI were also questioned about the SCI (time since injury, level of injury-tetraplegia/paraplegia, cause of injury-motor vehicle accident/fall from height/ gunshot/other, and medication intake). These variables, as well as the results of the American Spinal Injury Association Impairment Scale (AIS)-A/B/C/D, were then confirmed using the subjects' medical records. All subjects completed the aforementioned questionnaires. Subjects with CNP also completed the MPQ and were questioned about pain onset, duration, quality, location in the body (on a body chart), use of medication, and alleviating and aggravating factors.
Data analysis
Data were processed using IBM SPSS statistics software (version 23). Analyses of variance (ANOVA) with interactions and corrected post-hoc comparisons were used to evaluate group effect (SCIP, SCINP, AC) on the psychological, sociodemographic, and SCI-related variables. Pearson's and Spearman's tests were used to calculate correlation coefficients between CNP variables (total and subscales of the MPQ) and psychological variables, sociodemographics and SCI variables. In addition, a discriminant function analysis was used to examine the prediction of group type by the psychological (predictor) variables. Although both discriminant function analysis and logistic regression are used for prediction, the former is used specifically to predict a categorical dependent variable (grouping variable), when groups are known a priori. It can also be used with relatively small sample sizes [50] . Each variable was entered directly into the analysis as no a priori assumption had been made regarding the relative contribution of the variables. p-values <0.05 were considered statistically significant.
Results
Characteristics of the study groups Table 1 describes the characteristics of the groups. Participants of three groups, SCIP, SCINP, and AC, did not differ in age, sex distribution, and family status except that more members of the AC group were employed. The two SCI groups (SCIP and SCINP) did not differ in SCI-related variables. Subjects in both these groups reported taking medications for various conditions, including high blood pressure 11% and 4%, respectively), high cholesterol (7% and 17%), and muscle spasms (37% and 35%), with no significant group differences. Analgesic medications intake was reported by 81% of subjects in the SCIP group, including medical marijuana (41%), anti-epileptics (37%), opioids (18%), serotonin/noradrenaline reuptake inhibitors (15%), and non-steroidal anti-inflammatory drugs (15%).
Characteristics of CNP
Within the SCIP group, 13 had below-level pain, 1 had atlevel pain, and 13 had both types. Table 2 describes the total and subscale scores of the MPQ indices. Subjects had an average of 6.2 ± 3 painful body regions with the most frequent being the thigh (20/74%) followed by the shin (17/ 63%), feet (15/55.5%), lower back (11/40.7%), upper back (8/30%), buttocks (6/22%), and abdomen (3/11.1%). The qualities of CNP based on the MPQ were in decreasing order: radiating (20/74%), sharp (19/70%), burning (13/ 48%), stinging (11/41%), stabbing/penetrating (9/33%), and beating (7/26%). Aggravating factors of CNP were: extended sitting/lying (14/52%), changing/cold weather (13/ 48%), illness or physical exercise (4/15%), fatigue (3/11%), etc. Alleviating factors were: medications (20/74%), resting/ lying down (7/26%), and physical exercise (5/19%). Figure 1 presents the psychological variables among the three groups. There was a significant effect of group type on all the variables; PTSD: (F (2,67) = 5.66, p < 0.01); anxiety: (F (2,67) = 7.26, p < 0.01); perceived stress: (F (2,67) = 4.33, p < 0.05); depression (F (2,66) = 4.9, p < 0.01), and pain catastrophizing: (F (2,67) = 3.23, p < 0.05). Post-hoc tests revealed that the SCIP group scored significantly higher on all variables, compared to both the SCINP and AC groups, but the two latter groups did not differ from one another (Fig. 1) .
Psychological variables

Correlations between CNP and psychological variables
As there was a strong significant correlation between the NWC and PRI indices of the MPQ in total and subscale scores (r > 0.95, p < 0.0001), we chose NWC for further analyses representing the chronic pain. 
Discriminant function analysis
The discriminant analysis resulted in one significant discriminant function (function 1: χ 2 (10) = 18.657, λ = 0.736, p < 0.05) indicating that the SCIP group differed from the control groups. The second, non-significant function (function 2: χ 2 (4) = 4.462, λ = 0.93, p = 0.35) indicated no additional discriminations. The eigenvalues associated with the discriminant functions indicated that 78% of the between-group variability was accounted for by the first discriminant function. The centroid values of the discriminant function 1 (0.62, −0.49, and −0.26 for SCIP, SCINP, and AC, respectively) indicated that this equation discriminated between the CNP group, who scored the highest loaded values, and the control groups who had lower scores (Table 4 , upper panel).
The first function was able to correctly classify 60% of the SCIP subjects, 62% of the SCINP subjects, and 70% of the AC suggesting good discrimination ability. Table 4 (lower panel) presents the variable loadings on the discriminant function; the larger the variable loading, the more the variable contributed to the prediction of group membership. A pooled within-groups correlation between discriminating variables and the canonical discriminant function of 0.20 constituted the threshold of a predicting variable [50] . Thus, PTSD, anxiety, and depression made the most substantial contributions to the discrimination between the SCIP subjects and the two control groups.
Discussion
Increased PTSD and psychological distress in CNP To the best of our knowledge, this is the first study that found elevated levels of PTSD symptomatology, anxiety, perceived stress, depression, and pain catastrophizing among individuals with CNP compared to controls. Importantly, although both individuals with SCI with and without CNP underwent significant traumatic events that led to the SCI, and despite sharing similar injury characteristics, only the former had high levels of PTSD and psychological distress. Moreover, the discriminant analysis showed that anxiety, depression, and PTSD differentiated between individuals with CNP and the two control groups who were indistinguishable. Therefore, elevated distress and mood dysfunction are associated with the presence of CNP among individuals with SCI.
Our results agree with studies in which anxiety and/or depression among individuals with SCI and chronic pain of Fig. 1 Mean values of PTSD symptomatology and psychological distress. An elevated level of PTSD symptomatology and psychological distress is observed among SCIP group compared to both SCINP and AC groups. The latter two groups did not differ. *p < 0.05, **p < 0.01, ***p < 0.001. Values denote group mean ± SEM unspecified origin, were higher compared to those who were pain-free [8, 20, [36] [37] [38] , supporting the possibility that psychological distress may be related to chronic pain rather than the SCI. The results corroborate studies reporting comorbidity of PTSD and chronic pain after traumatic events [9] [10] [11] and after SCI [7, 12, 13] . Owing to the nature of the present study, we cannot determine whether the PTSD and psychological distress preceded the CNP or whether they resulted from it. Considering that CNP develops within months after a SCI [27, [51] [52] [53] , the first possibility is viable. Ullrich et al. [7] reported that individuals with acute SCI, who at baseline exhibited PTSD alone, experienced an increase in pain levels over time. In another longitudinal study, Jenewein et al. [54] reported a mutual impact of pain and PTSD symptoms within the first 6 months after injury, whereas in the second 6 months, increased pain intensity was predicted by higher PTSD symptoms, but not vice versa. Although further study is necessary to prove causality, these studies suggest that PTSD symptomatology and related distress may precede chronic pain after SCI and perhaps also preceded the CNP among the individuals herein. Alternatively, it is also possible that another, predisposing factor was responsible for the emergence of both the psychological distress and CNP. For example, several studies have suggested that the anxiety sensitivity construct may represent the shared vulnerability between PTSD and chronic pain in the aftermath of trauma [9, 10] . This possible predisposing factor was also suggested to underlie the maintenance of PTSD and chronic pain over time [10] . Accordingly, the possible mutual development of PTSD and CNP after the SCI may have occurred in susceptible individuals, a hypothesis that is yet to be proven.
Interestingly, the CNP characteristics did not correlate with SCI characteristics including level of injury, AIS score and cause of injury. This finding is in agreement with previous studies [27, 55, 56] . The finding further support the role of the psychological sequel of SCI, or alternatively the psychological predisposition, in the emergence and perhaps in the chronification of CNP.
The role of the affective dimension of CNP A positive correlation was found between total CNP magnitude and depression, which is in agreement with Kilic et al. [39] The additional psychological variables did not correlate with total CNP magnitude, although other studies reported an association between pain catastrophizing and CNP intensity, measured with a numerical rating scale [40] [41] [42] . When we divided the total CNP experience into its sensory, affective and cognitive dimensions, all the psychological variables (a trend for pain catastrophizing) correlated significantly and positively with the affective dimension. This differential effect emphasizes the unique features of each pain dimension.
The sensory dimension of pain is subserved, at least in part, by the lateral nociceptive system, which projects through specific lateral thalamic nuclei and has the ability to process information about the spatial, temporal, and magnitude of the nociceptive input [57, 58] . The affective dimension of pain is probably subserved by the medial nociceptive system that projects through medial thalamic nuclei and gains access to the limbic system. This system is known to process the aversiveness of the pain experience and emotional reactions, as well as arousal and attentional biases to pain [57, 58] .
The most frequent affective descriptors from the MPQ, chosen by the individuals with CNP were exhausting, agonizing, and cruel. It is understandable that the affective dimension of CNP correlated with the magnitude of the individuals' stress, anxiety, and depression; however, it is interesting that this correlation occurred irrespective of how strong (sensory aspect) the CNP was. Studies have found that the affective dimension of pain was more central in chronic pain, whereas the sensory was more central in experimental and acute pain [59] [60] [61] [62] . Thus, the affective dimension may become dominant in uncontrollable, threatening conditions. The burden of CNP on individuals with SCI, who already experience some degree of functional loss, can further increase the sense of uncontrollability and unpredictability, namely of distress [63] and vice versa, increased distress may further enhance the suffering from the pain. Among patients with acute SCI, Taylor et al. [14] found an association between pain catastrophizing and the sensory and affective dimensions of pain. To the best of our knowledge, only one other study examined the different chronic pain dimensions among individuals with chronic SCI. Giardino et al. [15] reported that pain catastrophizing and depression correlated with both the sensory and affective dimensions of (non-specific) chronic pain, although the strength of the latter association was twice that of the former. Other studies on patients with fibromyalgia and peripheral neuropathic pain, confirmed the association between pain catastrophizing and the affective, but not sensory dimension of pain [64, 65] . This corresponds with our finding that the affective dimension contributed more strongly to the individual's suffering and distress.
Importantly, none of the psychological variables correlated with SCI characteristics which is in agreement with other reports [7, 13, 14, 16, 17] . The discriminant analysis indeed showed that increased PTSD and psychological distress were unique to the CNP group despite that they shared similar injury characteristics to those of pain-free individuals with SCI. Perhaps this finding and the fact that the latter were indistinguishable from the AC group support the possibility, that it is individual differences in the response to trauma rather than the mere exposure to the trauma that matters. Social factors such as employment may also contribute to individuals' response. Increased PTSD symptomatology, anxiety, stress, depression, and pain catastrophizing were seen herein among unemployed vs. employed individuals with CNP; an association that was not seen among pain-free individuals.
Conclusions and implications
The results suggest that among individuals with SCI, PTSD symptomatology, psychological distress (anxiety, stress and depression), and pain catastrophizing are associated with the affective dimension of CNP (suffering), regardless of the sensory dimension (intensity); the more suffering due to CNP the higher the psychological distress. These results should be considered in light of several limitations. First, members of the CNP group used analgesic medications that may affect chronic pain intensity. Second, the study was cross-sectional, which prevented us from determining whether CNP preceded the psychological distress or vice versa or whether both emerged due to another predisposing factor. Future, longitudinal studies may answer this question.
Despite these limitations, the results imply that individual differences in the response to SCI and/or individual traits rather than the mere exposure to SCI have a role in the emergence of psychological distress and CNP. The co-existence of these conditions entails a major burden on the individual and may render the individual more prone to developing additional pathological conditions [10, 66] . Therefore, rehabilitation programs for people with SCI should prioritize management of CNP and distress already in the acute phase as well as careful, long-term monitoring of these conditions.
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